This study examined the neuropsychological functioning in autism spectrum disorder (ASD), attention deficit hyperactivity disorder (ADHD), and comorbid ASD and ADHD (ASD + ADHD), using five domains of the Developmental Neuropsychological Assessment (NEPSY): Attention and Executive Functions, Language, Visuospatial Processing, Sensorimotor Functions, and Memory and Learning. The participants were 6-to 12-year-old Egyptian children with ASD (n = 17), ASD + ADHD (n = 15), ADHD (n = 37), and typical development (TD; n = 29). TD children scored highest on the NEPSY domains, then children with ADHD, followed by children with ASD and ASD + ADHD. Children with ASD or ASD + ADHD performed significantly poorer than TD children on all NEPSY domains. Children with ADHD exhibited significantly poorer performance than TD children on NEPSY domains of Attention and Executive Function, Language, and Memory and Learning. Also, both ASD and ASD + ADHD groups scored significantly lower than ADHD group on all other NEPSY domains except Visuospatial Processing. There were no significant differences between ASD and ASD + ADHD groups on NEPSY. Compared to TD children, our results suggest that ADHD symptoms in children with ASD may worsen the ability to plan, hand motor coordination, and memorizing names. Nevertheless, the presence of ADHD symptoms may mitigate the difficulties that children with ASD exhibit in other neuropsychological areas, such as verbal fluency, hand praxis, finger gnosis, How to cite this paper: Elsheikh, S., Kuusikko-Gauffin, S., Loukusa, S., Omar, M., Riad, G. 
Introduction
Deficits in neuropsychological abilities have been described in both autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD). The diagnostic criteria for ASD and ADHD are distinct; children with ASD are characterized by impaired social and communication skills and by restricted repetitive stereotyped pattern of behavior, whereas children with ADHD mainly present symptoms of inattention, hyperactivity and impulsivity (APA, 2013; WHO, 1993) . However, it is not uncommon to have overlapping symptoms of ADHD and ASD in one child, such as deficits in attention, behavioral problems and social difficulties and several studies demonstrated that about 20% -50% of children with ADHD meet the diagnostic criteria for ASD and about 30% -80% of children with ASD meet the diagnostic criteria for ADHD (Mattila et al., 2010; Rommelse, Franke, Geurts, Hartman, & Buitelaar, 2010) . There have been debates, over the last decade about overlapping symptoms and comorbidity of ASD and ADHD (Ames & White, 2011; Gargaro, Rinehart, Bradshaw, Tonge, & Sheppard, 2011; Reiersen & Todd, 2008; Ronald, Simonoff, Kuntsi, Asherson, & Plomin, 2008; Taurines et al., 2012) , leading to acceptance of dual diagnosis of ASD and ADHD in DSM-5 (APA, 2013).
There are no published studies comparing different domains of the neuropsychological profile (attention and executive function, language, visuospatial abilities, sensorimotor abilities, and memory and learning domains) in children with ASD, ADHD and comorbid ASD and ADHD (ASD + ADHD). Previous studies, which have evaluated these domains, separately included children with ASD (Barron-Linnankoski et al., 2015; Hooper, Poon, Marcus, & Fine, 2006; Narzisi, Muratori, Calderoni, Fabbro, & Urgesi, 2013; Williams, Goldstein, & Minshew, 2006a) or ADHD (Rizzutti et al., 2008; Rucklidge & Tannock, 2002) .
Further, studies that investigated the differences of neuropsychological functioning between children with ASD and ADHD, only analyzed some selected neuropsychological abilities, such as sustained attention (Johnson et al., 2007) , inhibitory control (Buḧler, Bachmann, Goyert, Heinzel-Gutenbrunner, & KampBecker, 2011) , or executive function (Geurts, Verte, Oosterlaan, Roeyers, & Sergeant, 2004; Goldberg et al., 2005; Happé, Booth, Charlton, & Hughes, 2006; Matsuura et al., 2014) . In these studies, children with ADHD demonstrated deficits in sustained attention and response inhibition, compared to children with ASD (Johnson et al., 2007; Buhler et al., 2011) . Results of studies examining response inhibition, planning and cognitive flexibility (i.e., shifting attention) in ASD are not, however, consistent (Geurts et al., 2004; Goldberg et al., 2005; Happé et al., 2006; Johnson et al., 2007; Van der Meer et al., 2012) . Similarly, studies evaluating the influence of comorbidity in ASD + ADHD diagnoses focused on individual abilities, such as attention (Sinzig, Bruning, Morsch, & Lehmkuhl, 2008a) , inhibitory control (Takeuchi et al., 2013) , or executive function (Sinzig, Morsch, Bruning, Schmidt, & Lehmkuhl , 2008b; Yerys, et al., 2009; Tye et al., 2014) but not the wider neuropsychological profile. Sinzig and colleagues (2008b) found that children with ASD + ADHD showed deficit in inhibiting a pre-potent response and inhibition of an ongoing response in addition to deficits in planning and flexibility, but there were no indication that children with ASD + ADHD would have a specific attention profile, when compared to pure ASD (Sinzig et al., 2008a) . Tye and colleagues (2014) suggested that children with ASD + ADHD presented an additive combination of deficits of both disorders. It is also noteworthy to mention that majority of neuropsychological studies on individuals with ASD, ADHD, and ASD + ADHD were conducted in the Western World with no data originating from the Middle East.
With the above-mentioned gaps in literature in mind, we established a prospective comparative study to examine the similarities and differences of the neuropsychological performance between Egyptian children with ASD, ASD + ADHD, ADHD and TD, using a single multi-domain neuropsychological battery (the NEPSY, Korkman, 2000) .
Method

Participants and Procedure
A total of sixty-nine Arabic speaking Egyptian children with ASD (n = 17), ASD + ADHD (n = 15), and ADHD (n = 37) participated in the study with their TD counterparts (n = 29). Table 1 details the demographic information of the participants. The diagnostic groups were recruited through the child psychiatry outpatient clinic of the Abbassia Mental Hospital-a tertiary referral public hospital (ASD, n = 6; ASD + ADHD, n = 7; ADHD, n = 16), and a private child psychiatry clinic in Cairo (ASD, n = 11; ASD + ADHD, n = 8; ADHD, n = 21), over two years (2007 and 2008) . The TD children were randomly selected from public (n = 12) and private (n = 17) mainstream schools in Cairo. Children were recruited from public and private sectors, so that the study groups would be representative of different socioeconomic statuses. ASD < TD** ASD + ADHD < TD* ADHD < TD* One-way analysis of variance (ANOVA) with Post hoc group comparisons for age and IQ differences, *p < 0.05, **p < 0.01, ***p < 0.001. ASD = autism spectrum disorder; ASD + ADHD = comorbid ASD and ADHD; ADHD = attention deficit hyperactivity disorder; TD = typically developing children; AS = Asperger Syndrome; HFA = high functioning autism; FSIQ = Full scale IQ; VIQ = Verbal IQ; PIQ = Performance IQ.
epilepsy, and fragile-X), a full scale of IQ (FSIQ) lower than 70 measured with the Arabic version of Wechsler Intelligence Scale for Children-Third Revision (WISC-III; Kamel & Ismail, 1999; Wechsler, 1991) , and ADHD medication (i.e., psychostimulants and Atomoxetine) were used as exclusion criteria. However, one child, who started Atomoxetine therapy one week prior to the assessment was included in the study, as there is a four-to six-week window period before the therapeutic effect of this medication starts (Taylor, Paton, & Shitij, 2012) . Egypt. The procedure was fully explained to the participants' parents and informed consents were obtained from all parents before study enrolment.
Measures
A developmental neuropsychological assessment NEPSY for 3-to 12-year-old children was employed to investigate the neurocognitive development in five neuropsychological domains (i.e., Attention and Executive Functions, Language, Sensorimotor Functions, Visuospatial Processing, and Memory and Learning) and each domain comprises of several subtests (Korkman, Kirk, & Kemp, 1997; Korkman, Kirk, & Kemp, 1998) . We addressed the first edition of NEPSY, as NEPSY-II was not available during the time of data collection. The NEPSY is adapted and standardized from its original Finnish version (Korkman et al., 1997 ) into a United States (US) version (Korkman, et al., 1998 (Korkman, 2000) . All NEPSY subtests have verbal instructions and most of them include initial practice trials to reduce the novelty effect and to ensure that the participant understands the task. For the purpose of this study, the authors translated the US version of NEPSY into Arabic. In addition, the NEPSY subtest of Comprehension of Sentence Structure was translated from the Finnish version of NEPSY into Arabic. A process of repeated translation and back-translation took place until the congruent Arabic version was achieved. Arabic versions of Comprehension of Sentence Structure, Comprehension of Instruction, and Sentence Repetition subtests have the same content and nearly the same number of words as the original US/Finnish versions. In Narrative Memory subtest, we made certain that the Arabic version of the story has the same sequence of events, same number of sentences, and same total number of words as the US NEPSY version. Appropriate Arabic list of words has been chosen carefully for Phonological Processing subtest to allow omitting and substituting syllables producing new real words. Arabic tongue twisters have been used for Oromotor Sequences subtest. Regarding the selecting of suitable Arabic letters for the phonemic part of Verbal Fluency subtest, letters S (seen) and F (faa) were found to be appropriate regarding the frequency of the words that start with these letters and because these letters are not commonly attached to the words as prefixes. List Learning and Memory subtest was also translated into Arabic. Eight Arabic names were elected for Memory of Names subtest. In order to implement Auditory Attention and Response Set subtest, a new audiotape was recorded in Arabic language, on which words and colors are recorded in the same order and at the same speed as on the English audiotape. In repetition of Nonsense Words subtest, the original US NEPSY audio recording was used.
Full neuropsychological assessment using the NEPSY was undertaken with all participants, by the same examiner in a quiet room during two sessions, each lasting 1 -1.5 hours. Short descriptions of the employed NEPSY subtests in each domain are listed below:
Attention and Executive Functions includes six subtests (Tower, Auditory Attention and Response Set, Visual Attention, Statue, Design Fluency, and Knock and Tap), that which measure the ability to shift and maintain selective attention, motor persistence and inhibition, non-verbal fluency and self-regulation.
Language domain includes seven subtests (Phonological Processing, Speeded Naming, Comprehension of Instructions, Repetition of Nonsense Words, Verbal Fluency, Oromotor Sequences, and Comprehension of Sentence Structure), that evaluate phonemic awareness, the ability of producing and recalling words ra-pidly, ability to understand and respond quickly to verbal instructions, ability to understand grammar, ability to encode and decode by repeating a pattern of nonsense words, ability to produce words and oromotor coordination.
Visuospatial Processing includes five subtests (Design Copying, Arrows, Block Construction, Route Finding, and Visual Recognition), that measure the ability to copy two dimensional shapes, visuomotor integration, line orientation, the ability to make three-dimensional constructions, the visual-spatial relation and directionality, visual recognition and perception.
Sensorimotor Functions includes five subtests (Fingertip Tapping, Imitating
Hand Positions, Visuomotor Precision, Manual Motor Sequences, and Finger Discrimination), that assess the ability to finger dexterity, ideomotor praxity, visuomotor coordination, manual motor coordination, and ability to identify fingers using tactile information without the aid of vision.
Memory and Learning includes six subtests (Memory for Faces, Memory for
Names, Narrative Memory, Sentence Repetition, List Learning, and Visual Memory), to assess the visual short-term memory, visuoverbal association memory, auditory working memory, and verbal learning.
Statistical Analysis
The statistical analyses were carried out using the IBM SPSS statistical software program, version 22.0. Since there are no available standardized scores for Arabic speaking children, we utilized the NEPSY total raw scores controlling for age, instead of age normed standard scores. Higher raw scores indicate better performance in all NEPSY subtests except for Fingertip Tapping subtest, in which the total score is the time taken to accomplish the task with a maximum total time of 300 seconds. In order to facilitate the comparisons between NEPSY subtests, participants' raw scores in Fingertip Tapping subtest were subtracted from the maximum score of 300 so that the higher score would indicate better performance also on that subtest. Furthermore, to examine the differences between groups on the five NEPSY domains (Attention and Executive Function, Language, Visuospatial Processing, Sensorimotor Function, and Memory and Learning) and assuming that the subtests included in each NEPSY domain are assessing the same neuropsychological function (Korkman et al., 1998) , we formed a new set of Domain Scores by summing the raw scores of the subtests included in each domain (e.g. Domain Score of Attention and Executive Function is the sum of the raw scores of Tower, Auditory Attention and Response Set, Visual Attention, Statue, Design Fluency, and Knock & Tap subtests).
There were significant age and IQ differences between the groups (Table 1) . The relatively small sample size restrained us from using multiple covariates, thus we chose to control for age in our further analysis. To examine the differences in mean scores in NEPSY Domain Scores and NEPSY subtests' raw scores, we conducted multivariate analyses of covariance (MANCOVA) test with the groups (i.e. ASD, ADHD, ASD + ADHD, and TD groups) as a fixed factor and either NEPSY Domain scores or NEPSY raw scores as dependent variables, controlling for age (Table 2) . We found a significant main effect of group (F (15, In the follow-up between the group analyses we focused on six contrasts controlling for age. First, we compared each diagnostic group with the TD group.
Second, we compared the diagnostic groups with each other. Effect size was evaluated by using the Eta-squared ( 2 η p ) statistic. A significant threshold of ≤ 0.001 was set for NEPSY subtests' raw scores and of ≤ 0.01 for NEPSY Domain
Scores to control false discoveries in multiple comparisons.
Results
Between-group comparisons revealed that TD children scored highest on all NEPSY domains, followed by children with ADHD, then children with ASD + ADHD and ASD. Children with ADHD showed significantly poorer performance than TD children on NEPSY domains of Attention and Executive Function, Language, and Memory. Also, both ASD and ASD + ADHD groups scored significantly lower than ADHD group on all NEPSY domains aside from Visuospatial Processing. Table 2 & Table 3 compares the means of NEPSY domains and neuropsychological performance in TD children, children with ADHD, children with ASD + ADHD and ASD, respectively.
ASD group compared with TD group. ASD group performed significantly Memory, and Sentence Repetition (Table 2 & Table 3 ).
ASD group compared with ASD + ADHD group. There were no significant differences found between these two groups ( Table 2 & Table 3 ).
ADHD group compared with ASD + ADHD group. ADHD group scored significantly higher than ASD + ADHD group in all NEPSY Domain Scores except Visuospatial Processing. Specifically, ADHD group scored significantly higher than ASD + ADHD group in the subtests of Auditory Attention and Response Set, and Narrative Memory (Table 2 & Table 3 ).
Discussion
We compared the neuropsychological profiles of attention and executive function, language, visuospatial processing, sensorimotor function, and memory in Egyptian children with ASD, ASD + ADHD, ADHD, and TD employing a single neuropsychological battery. Whilst Egyptian children with ASD and ASD + ADHD demonstrated generalized impairment on neuropsychological performance, compared to TD children, we did not find specific differences between children with ASD and children with ASD + ADHD. Our results, however, suggest that compared to TD children, some neuropsychological abilities, such as planning, hand motor coordination, and verbal working memory, may worsen, in children with ASD + ADHD. In contrast, compared to TD children, problems in some neuropsychological abilities, such as verbal fluency, hand praxis, finger gnosis, and face memory may be mitigated in children having both ASD and ADHD.
Attention and Executive Function Domain
Attention and executive function is a broad term and it refers to higher order cognitive skills, which are important in order to maintain goal-directed performance in new or complex situations (Hunter, Edidin, & Hinkle, 2012) ASD + ADHD can be attributed to perseverative characteristics of ASD (Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009; Happé, Booth, Charlton, & Hughes, 2006) and/or failure to use the language for self-regulation. Weakness in verbal working memory (i.e., verbal self-reminding) can make children with ASD susceptible to errors in executive tasks (Joseph, McGrath, & Tager-Flusberg, 2005; Liss et al., 2001) .
In addition to the fact that children with ASD and ASD + ADHD performed significantly less accurately than TD children, they also scored lower than children with ADHD in tasks requiring auditory attention, motor inhibition, and changing response style. It is possible that ASD symptoms in children with or without ADHD worsen both the impulsivity control and the motor and cognitive flexibility. In consistence with earlier findings, Egyptian children with ADHD scored lower than TD children on Attention and Executive Function domain, specifically in tasks requiring motor inhibition, which is the core symptom of impulsivity in ADHD (Happé et al., 2006; Sergeant, Geurts, & Oosterlaan, 2002; Tsal, Shalev, & Mevorach, 2005; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005; Youngwirth, Harvey, Gates, Hashim, & Friedman-Weieneth, 2007) . Executive function impairments in children with ADHD might also be due to deficit in inhibitory control (Buhler et al., 2011; Happé, Booth, Charlton, & Hughes, 2006) .
Language Domain
Our results demonstrated that children with ADHD did not show as wideranging language difficulties as we expected based on earlier studies (e.g. Kim & Kaiser, 2000; Purvis & Tannock, 1997) . However, this study confirmed earlier findings (e.g., Barini & Hage, 2015; Purvis & Tannock, 1997 ) that children with ADHD have verbal comprehension difficulties. It is of note that we used Comprehension of Instructions subtest, which demands the ability to receive, process, and execute instructions of increasing syntactic complexity, which may have further increased the working memory load. Previously Barini and Hage (2015) suggested that verbal comprehension difficulties in ADHD are connected with weak verbal working memory. However, in our study, children with ADHD did not perform significantly weaker than TD children in verbal memory tasks.
Others suggested the reason for language difficulties in ADHD is impulsivity (Geurts & Embrechts, 2008) , which might be a factor behind the weak verbal comprehension abilities of children with ADHD found in our study.
Our finding of poorer performance in children with ASD compared to TD children on Language domain is consistent with previous studies using NEPSY (Hooper et al., 2006; Korkman et al., 2007; Narzisi et al., 2013) . Also, our results concur with other studies on language deficits in children with ASD and expanded the findings as affecting also children with ASD + ADHD. In line with earlier studies that compared children with ASD and ASD + ADHD to TD children (Ambery et al., 2006; Barron-Linnankoski et al., 2015; Bramham et al., 2009; Geurts et al., 2004; Tager-Flusberg, 2004; Narzisi et al., 2013; Rumsey & Hamburger 1988 , 1990 Saalasti et al., 2008; Turner 1999; Verte et al., 2006) , both groups had wide-ranging language difficulties in generating words of semantic category, processing and responding to verbal instruction of increasing syntactic complexity, accessing and producing familiar words, understanding the grammar of sentences with increasing complexity, and in rhythmic oromotor coordination. Similarly, our ASD and ASD + ADHD samples demonstrated deficits in identifying words from segments and forming an auditory gestalt (Tager-Flusberg, 2004; Narzisi et al., 2013) and deficits in phonemic fluency (Tager-Flusberg, 2004; Schmidt, Kopelioff, Winterrowd, Pennington, Hepburn, & Rojas, 2008) . However, in contrast, results from a study by Barron-Linnankoski and colleagues (2015) found intact comprehension of instructions in their ASD sample, which might be attributed to IQ differences when compared to our sample. In our sample, children with ASD and ASD + ADHD showed intact ability of encoding and decoding a sound pattern (repetition of nonsense words). Whitehouse, Barry and Bishop (2008) concluded that impairment in repetition of nonsense words is seen only in some children with ASD and depends on the ASD symptom severity and impairments in structural language. This conclusion provides a possible explanation of why this ability was spared in our sample given that we only included high-functioning children with ASD in our 
Visuospatial Processing Domain
In line with the earlier ASD studies (Hooper, Poon, Marcus, & Fine, 2006; Korkman, Kirk, & Kemp, 2007; Narzisi et al., 2013) , that used NEPSY, our sample of children with ASD and ASD + ADHD faired worse than TD children in their ability to judge line orientation. However, there is another study that employed another study (Narzisi et al., 2013) . The ability to reproduce three-dimensional block constructions from models and pictures was found to be intact in our sample of children with ASD but not in ASD + ADHD relative to TD children. It is possible that the ADHD symptoms might hinder the strategic planning capability of children with ASD. Relatively intact visuospatial processing may thus be one of the areas of strength in children with ASD and it could be employed in interventions, such as using pictorial information instead of lexical information.
Sensorimotor Domain
Similar to Youngwirth and colleagues (2007), we did not find any difference between children with ADHD and TD children in sensorimotor abilities. For children with ASD and ASD + ADHD, we found them to perform poorer than TD children particularly in fingertip tapping and visuomotor tasks. This replicates the finding of Ham, Corley, Rajendra, Carletta, & Swanson (2008) and Hooper, Poon, Marcus, & Fine, (2006) but was inconsistent with the results of another study (Narzisi et al., 2013) . Impairment in Fingertip Tapping subtest might be related to deficits in executive function, set shifting, and lack of cognitive flexibility in ASD. The visuomotor subtest examined both speed and accuracy, which might have contributed to a slower and/or less accurate performance of children with ASD. Additionally, children with ASD + ADHD encountered difficulties in imitating series of rhythmic movements but this was not the case in children with pure ASD and could be related to impaired executive function in ADHD.
Memory and Learning Domain
Memory for faces was significantly impaired in our ASD sample, confirming the findings of previous research (Barron-Linnankoski et al., 2015; Blair, Frith, Smith, Abell, & Cipolotti, 2002; Garcia, 2001; Hooper, Poon, Marcus, & Fine, 2006; Narzisi et al., 2013; O'shea, Fein, Cillesen, Klin, & Schltz, 2005; Williams, Goldstein, & Minshew, 2006a) . Impairment of recalling names was only found in children with ASD + ADHD but not in children with pure ASD. This may be the result of the additive effect of ADHD symptoms. Our findings are also consistent with previous studies (Barron-Linnankoski et al., 2015; Blair et al 2002; Garcia, 2001; Hooper, Poon, Marcus, & Fine, 2006; Korkman, Kirk, & Kemp, 1998; Minshew and Goldstein 2001; Narzisi et al., 2013; O'shea et al., 2005; Williams, Goldstein, & Minshew, 2006a; Williams, Goldstein, & Minshew, 2006b ). Deficits in verbal working memory, difficulties in developing strategies for free recall of information, and difficulties in organizing words and resisting interference are further reasons to favor pictorial information instead of lexical in the interventions and in the teaching materials provided for children with ASD (Bowler, Matthews, & Gardiner, 1997; Barendse et al., 2013; Narzisi et al., 2013) .
Conclusion
Egyptian children with ASD, ASD + ADHD, and ADHD demonstrated generalized impairment on neuropsychological performance, which is consistent with reports from other countries. Rather unexpectedly, we did not find statistically significant differences between children with ASD and children with ASD + ADHD in neuropsychological performance. Whilst ADHD symptoms may not automatically increase the neuropsychological deficits in children with ASD, our results suggest that the presence of ADHD symptoms in children with ASD could worsen their ability to plan, hand motor coordination, and memorizing names. Nevertheless, these symptoms may mitigate the difficulties that ASD children may have in other neuropsychological areas, such as verbal fluency, hand praxis, finger gnosis, and face memory. Our findings may well impact management plans for ASD: As communication difficulty is one of the most impairing features of ASD, language skills of children should be carefully assessed when planning interventions for these patients. As such, relatively intact visuospatial processing may be one of the areas of strength in children with ASD, it could be employed in interventions, such as using pictorial information instead of lexical information.
Suggestions for Future Research
In spite of the limitations inherent to our study including the small sample size of each diagnostic group, this is the first study to compare the neuropsychological abilities of ASD, ASD + ADHD, ADHD and typical development in Middle Eastern children. Future studies with larger sample sizes are therefore warranted to validate the NEPSY in Middle East countries and to further compare the neuropsychological performance of children of ASD, ASD + ADHD, and ADHD.
